Abstract. Phosphorus (P) fertilizer application and increasing soil total P can cause environmental issues. Therefore, in the present study an experiment was carried out with optimal P-fertilizer recommendation based on the environmental aspects for two years (2015 & 2016). In 2015, 90 soil samples were collected from agricultural lands of Iran and their environmental P index (EPI) was estimated. Also, through maize greenhouse cultivation, the available P critical level was determined. Then, P requirement for 90 fields was assessed based on EPI and soil available P. In 2016, through an onsite field experiment, the effects of P fertilizer levels on yield were estimated. The results revealed that the farmers are permitted to apply P fertilizer only at 8 fields out of 90 according to EPI. While based on the soil available P, 36 farms of 90 need to receive P-fertilizer, and the farmers can apply P fertilizer only at 4 fields out of 36 according to EPI. Considering EPI with no P application farmers faced a 23% yield reduction. If the farmers are not satisfied with this reduction, increasing EPI with P application should reduce soil erosion. Using a 50 kg ha -1 P2O5 application should reduce soil erosion from 7 to 2 ton ha -1 .
Introduction
Phosphorous (P), one of the macro elements essential for plant growth. Therefore, Pfertilizer application is crucial to reach the optimum economical yield. For decades, soil testing has been used for proper fertilization recommendation. In this method, the critical level of available P is considered as the criteria of P-fertilization (Malakouti, 2016) . However, based on soil testing, P-fertilizer application may lead to Paccumulation, precipitation and increasing total P that may lead to environmental problems. It has been proven that most of the P-fertilizers (~80%) were precipitated in acidic soils (due to fixation by iron and aluminum oxides) and in calcareous soils (due to fixation by calcium carbonate) (Leytem and Mikkelsen, 2005) . Recent studies have shown that soil total P is increased by long term P-fertilizer application in many countries (Li et For instance, Sun et al. (2015) reported that on average about 1.1 mg P-available per kg soil had been added to some Chinese soils annually in the 1997-2002 period. They also showed that the total P increased from 702 to 840 mg kg -1 from 1983 to 2002. Xiaoying et al. (2015) showed that changes in soil Olsen-P follow the application of P fertilizer, so that each 100 kg P ha -1 surplus increase the Olsen-P by 1~6 mg P kg -1 . Their results also indicated that soil organic matter and pH have important effects on the changes in soil Olsen-P by 1 kg ha -1 of P balance.
When soils' P increases, soil water erosion and runoff may able to transfer it into the surface water, rivers, lakes, etc. This may lead to bio-environmental issues such as cultural eutrophication (Sharpley et al., 2003; Bolster et al., 2014) . Cultural eutrophication is the process that speeds up natural eutrophication because of human activity. Natural eutrophication is when a body of water becomes overly enriched with minerals and nutrients that induce excessive growth of plants and algae (Schindler, 2012) . Surveys showed that 54% of lakes in Asia are eutrophic; in Europe, 53%; in North America, 48%; in South America, 41%; and in Africa, 28% (Ansari et al., 2010) . On top of that based on scientific reports, in the region with enriched drinking water by P, the health of habitants is in risk e.g. neurological disorders (Yang et al., 2008) . Fataei (2010) reported results from a laboratory experiment designed to study pollution condition of the Aras River in Moghan. Agricultural lands around the Aras River in Moghan are intensively farmed, and P pollution to surface waters and Aras River via surface runoff resulting from application of P-fertilization is a major concern. He has reported that the concentration of phosphorus has increased from 0.10 mg L -1 at the beginning of the river to 0.44 mg L -1 at the end of the river. Stephen et al. (2016) investigate long-term accumulation and transport of anthropogenic phosphorus in three river basins. They presented an analysis of P fluxes in three rivers, including harvested crops, published data on P-fertilizer, sewages and river fluxes. Their analysis show that the magnitude of P accumulation has varied over the past 40-70 years in mixed agricultural-urban landscapes of the Thames Basin, UK, the Yangtze Basin, China, and the rural Maumee Basin, USA. They demonstrated that human-dominated river basins may undergo a prolonged but finite accumulation phase when P inputs exceed agricultural demand.
Heretofore environmental scientists of developed countries have been used and established indexes and tough rules and regulations for environmental protection purposes (Bolster, 2011) . Phosphorus sorption index (PSI) (Sims et al., 2000) , the simple soil test (STP) (Nelson and Shober, 2012) , the degree of Phosphorus saturation (DPS) (Ige et al., 2005) and environmental P index (EPI) (Nelson and Shober, 2012) have been successfully applied for this aim.
Among these indicators, EPI is a more accurate and complete index due to incorporate into a single index, factors related to soil management and to P-transport (Sharpley et al., 2003) . The most recent EPI was presented by Bolster et al. (2014) which was categorized in three levels as low (less than 40), moderate (between 40 to 100) and high (more than 100). Based on this index categories, P-fertilizer application is not allowed if the total P equal or higher than 800, 600 and 400 mg kg -1 , respectively. In this method, EPI influenced by various parameters such as the amount of P fertilizer, available P, total P, soil erosion and method of P fertilizer application.
In this index risk, the agricultural yield was not considered and the reduction in biomass has not been taken into account. In contrast, the environmental index risk is not considered by the agricultural engineers and their fertilization recommendations are based on crop yield and response to fertilizer. This indicates the existence of the gap between environmental and agricultural scientist's perspectives.
Overall, as mentioned above, traditional P fertilizer application can cause environmental issues in all over of the world and continuing this trend may increase crop yield and production but may destroy and damage the environment. So, it seems necessary to carry out the research to fill the gap between the two mentioned aspects in which the optimum yield with low environmental risk is achieved. The main aim of this study, that is conducted the first time till now, is assessing and investigating P fertilizer recommendation based on the combination of agricultural and environmental aspects. Within this research we are trying to answer the following questions "how would be the yield reduction if the farmers consider environmental risk index comparing to considering only soil testing analysis in P-fertilizer application?" and "if the yield reduction is not the favor of farmers and so they tend to apply maximum P fertilizer for maximum economical yield, what should they do to reduce environmental risk index?"
Materials and methods
At the present study, three experiments including determination of EPI, determination of available-P critical level for maize and field experiment were carried out to optimal P-fertilizer recommendation based on the environmental aspects in two years (2015 & 2016) . (Figure 1 ). The climate of this region is considered as semi-arid with average annual precipitation of 271.2 mm. This region with more than 62024 hectares of cultivated land is surrounded by the Aras river. The river has got thousands of branches, so the eroded soils, sediments and runoff from these lands flow into this river. Aras river provides drinking water to tens of cities and villages and irrigation water to thousands of hectares of land (Nasrabadi et al., 2009 ). In this part of the study, some soil factors such as soil total-P, available-P was obtained from laboratory analysis of soil samples. A number of other factors, including the method and amount of phosphate and organic fertilizers, were asked from farmers, and factors such as soil erosion were estimated from the defined models. Where all the components are explained in detail as follow: DPSoil estimation method: DPSoil refers to the part of the dissolved P in runoff released from the soil. The following equation (Eq. 2) was used to calculate the DPsoil:
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where STP is the amount of soil P (mg kg -1 ). PX refers to the coefficient of P extraction (µg L in which, R is degree of sedimentation (the total sum of the scores considered in the MPSIAC model), PT is annual deposition rate (m 3 km -2 ) and Psed estimation method: In fact, this factor estimates the particulate P transferred by soil erosion. The following formula (Eq.5) was used to calculate it.
where, TP is related to soil total P (mg kg -1 ) which was obtained in this experiment by alkaline melting method for all the samples. SED refers to the annual average soil erosion (kg ha -1 ), which was estimated by the MPSIC method. PER refers to the ratio of soil particle enrichment, which means that fine particles are much richer in P than coarse particles. SDR refers to the proportion of sediment delivery and part of the amount of erosion soil that goes to the runoff. SDR=1 slope length < 3 (m), SDR = -0.17* in (slope length) + 0.9 slope length ≥ 3 (m).
In general, in this study, soil erosion estimated by MPSIC method. Modified Pacific Southwest Inter-Agency Committee (MPSIC) uses nine factors including geology, soil, climate (including isotherm and isohyets), runoff, topography (including elevation and land slope), land cover, land use, upland erosion, and channel erosion. these factors are ranked based on the corresponding tables. Each of these factors is to be ranked based on a visual appraisal of the watershed. Generally, this model has been widely applied at a watershed scale in arid and semiarid regions of the USA and was assessed for its applicability to Iranian watershed environments (Bagherzadeh and Daneshvar, 2013) . In Figure 2 , a part of the water erosion is observed in the studied area. . In fact, these are related to any land conservation operation that can reduce DP (DPSoil+DPFert+DPMan) and Psed.
DPfert: Considering that the use of organic fertilizers in this area is negligible, this sector was considered insignificant.
Based on EPI explained above, P-fertilizer recommendation is summarized in Table 1 . Table 1 . Recommendation of P-fertilizer based EPI (Bolster et al., 2014) Range Category Interpretation
0-40 Low
If the soil total P is ≥800 (mg kg -1 ), P-fertilizer should not be used
40-100 Moderate
If the soil total P is ≥600 (mg kg -1 ), P-fertilizer should not be used
>100 High
If the soil total P is ≥400 (mg kg -1 ), P-fertilizer should not be used
In this section of the study, for calculation and better interpenetrating the DOP (Deviation from optimal percentage) equation (Eq. 6) (Montanes et al., 1993) can be used as follow: (Eq.6)
In this equation soil total P and maximum acceptable P were driven based on EPI according to Second experiment: determination of available-P critical level for maize and spatial assessment of P-fertilizer requirement
In order to determine a critical level of available-P for maize (SC 704, (MO17×B73), in maturity group of late hybrid with a growth period of 274 days), the greenhouse experiment was carried out. The experimental design was randomized completely plots with two treatments and three replications. Initially, 30 soil samples with significant variation of available and total P were selected and P-fertilizer treatments were applied at two levels of 0 and 100 kg ha - boron from boric acid (H3BO3)) were applied to all pots equally. One day after soil amendment, six corn seedlings (pre-germinated by placing presoaked corn seeds on wet paper towels for five days) were transplanted per pot, and then thinned to two after one week. Pots were periodically weighed to maintain soil moisture at 80% field capacity. Corn was harvested after 185 days by cutting above-ground biomass at the soil surface, which was weighed. Then, critical level of available-P was calculated based on Cate and Nelson method (Cate and Nelson, 1971 ). Finally, the P requirement of 90 fields was compared and assessed with soil available P and measured critical level.
Third experiment: field experiment and yield reduction estimation due to integrating environmental index and fertilizer recommendation
The field experimental design was a randomized complete block design and three replications. Treatments were 0 (the control without P application), 100, 150, 200 and 250 kg ha -1 of super phosphate. As mentioned above other nutrients were applied to all plots equally. The size of each plot was 3×4 m in which 300 seeds were planted in each (in 20 cm interval). After harvesting, in addition to measuring P in the plant, the shoot yield of each treatment and environmental index of different treatments were calculated. In Figure 3 , field experiment of corn cultivation is observed in the studied area. 
Soil Samples laboratory analysis
Soil samples were air-dried and sieved through 2 mm sieve. Soil properties were determined according to Page et al. (1982) . Particle size analysis was made using the hydrometer method (Gee and Bauder, 1986) . The pH of the soil samples was measured in a 1:1 (w/v) soil to water ratio suspension (McLean, 1982) . Organic matter was measured using Walky and Black method (Nelson and Sommers, 1982) . The available-P and total-P were measured using the Olsen method (Olsen, 1954; Pasricha et al., 2002) and alkaline melting (Jackson, 1958) , respectively.
Investigating spatial variation and the mapping of variables
To assess the spatial variability, first, the most important statistical description and distribution indexes were performed for all soil samples. The mean, min, max, variance, mod, skewness and coefficient of variation of available-P, total-P and EPI were calculated. The out of ranged data has been removed and some properties were logarithmically transformed to have a lognormal distribution. After all, the semivariogram was plotted and the correlation coefficient was evaluated. Statistical and geostatistical analysis have been performed using IBM SPSS (version 20) and GS+(version 5). For the statistical analysis, Analysis of variance (ANOVA) was used in combination with Duncan method at 0.05 significant different tests. The distribution maps of soil properties in the study area were mapped using ArcGIS (version 10.4).
Results and discussion

Results of the first experiment
Determination of EPI for 90 fields and assessment of the P-fertilizer recommendation
The EPI status of 90 fields of the study area is presented in Figure 4 . The minimum and maximum and average values of EPI were 40, 72 and 55, respectively. According to categories and the recommendation of this index ( Table 1) , most of the fields are classified in medium level in view of risk assessment. In the fields with total-P more than 600 mg kg -1 , application of P fertilizer is limited ( Table 1) . Considering Eq. 6 shows that if DOP is positive it means soil total P was higher than total P of the environmental index and thus P fertilizer cannot be used in that field (and vice versa). Results of this part of study are shown in Figure 5 . Results showed the farmers are permitted to apply P fertilizer only at 8 fields of 90 fields according to EPI. In other words, in case of plant requirement, P fertilizer application in current condition causes environmental degradation.
It should be noted that EPI has been introduced for decades in which the first one was presented by Lemunyon and Gilbert (1993) . Reports and assessments based on EPI were presented by many environmental scientists. Heathwaite and Sharpley (1999) used the soil available P between 75 to 200 mg kg -1 as the critical level for environmental protection and P fertilizer application. This critical level was obtained based on significant statistical relation between available and soluble P (r 2 = 0.58 -0.98). Nair et al. (2004) reported the critical environmental index based on P saturation ratio (molar ratio of P to Fe+Al). Based on statistical relation between dissolved P in runoff and soil P saturation ration, they observed if P saturation ratio become more than a value (normally 0.1), the P concentration in runoff increased by applying P fertilizer. http These methods are under critics by agricultural scientists. Because these recommendations are based only on environmental parameters and plant growth is not considered. Therefore, in such cases, a method that considers both the agricultural and environmental aspects is worthwhile (Malakouti, 2016 ).
Figure 4. EPI values in the fields (A) and zoning of agricultural fields based on EPI (B).
Low: 0<EPI<40; If the soil total P is ≥800 (mg kg -1 ), P-fertilizer should not be used. Medium: 40<EPI<100; If the soil total P is ≥600 (mg kg -1 ), P-fertilizer should not be used. The effects of soil total P and soil water erosion on EPI are indicated in Figure 6 . According to scientific reports, soil water erosion is very effective in the runoff enrichment potential. So, deflation and some environmental indexes like phosphorus sorption index and degree of phosphorus saturation (because of ignoring the importance of soil erosion) cannot be accurately used to assess the potential of P losses from fields (Sims et al., 2000) . Although in the studied area, the annual amount of rainfall is low, but a large part of the annual precipitation occurs in four months when the land is free of vegetation cover. This factor and other factors such as heavy texture, low organic matter, and low permeability caused high soil water erosion. Also, in this area, wind erosion (deflation) is less important because of the low wind speed. In general, the amount of phosphorus in the river is more affected by water erosion. Because, in the water erosion, all the eroded soil and both forms of phosphorus (dissolved and particulate P) enters the river. The significant correlation between EPI and soil total P and soil erosion indicates that EPI is strongly influenced by these parameters. t is obvious that when soil total P is high, more P can be removed from the field with particles of soil. In this regard, scientists have criticized the accuracy of EPI in which soil total P is not involved (Bolstre et al., 2014).
High: 100<EPI; If the soil total P is ≥400 (mg kg -1 ), P-fertilizer should not be used (Bolster et al. 2014)
Figure 5. DOP values in the fields (A) and zoning of agricultural fields based on DOP (B). If DOP <0, farmer can use P-fertilizer; If DOP >0, farmer cannot use P-fertilizer
Overall, from this part of the study, fields that EPI does not allow farmers to use Pfertilizers, was identified. It was also found that a farmer can reduce EPI by controlling soil erosion or reducing soil total P. The important thing is that we must combine these finding with agricultural finding, which we have tried to do with the next experiments of this study.
Figure 6. Relationship between EPI and soil total P (A) and soil erosion (B)
Investigation of spatial distribution of EPI and total P Some of the descriptive statistics of data and semivariogram of total P and EPI are shown in Table 2 and Figure 7 , respectively. In this kind of experiments, understanding the variation of factors affecting soil total P and EPI are important whether from soil interstice properties (parent material or topography) or management practice (fertilizing) are affecting them. In geostatistics, it can be achieved by calculating spatial dependence of variables. Spatial dependence can be calculated by the effect of the part over the threshold level. If this ration is less than 25, or between 25-75 and higher than 75 so, spatial dependence is considered as high, moderate and week respectively (Chien et al., 1997) . In most cases, high spatial dependence is affected by internal processes (parent material, hydrological situation, etc.) and week spatial dependence is affected by http://www.aloki.hu • ISSN 1589 1623 (Print) • ISSN 1785 0037 (Online) DOI: http://dx.doi.org/10.15666/aeer/1702_42814296  2019, ALÖKI Kft., Budapest, Hungary management practice and fertigation (Cambardella et al., 1994) . According to variograms of variables (Figure 7) , it can be noticed that both semivariograms of soil total P and EPI have the limits and are moderate spatial dependence. So, they are influenced by interstice soil properties and management practices. 
Figure 7. Semivariogram models fitted to studied variables (EPI and soil total P)
Results of the second experiment
Determination of available-P critical level for maize and assessing P requirement for 90 fields Figure 8 shows available P critical level of study soils (the data for this figure is provided in the Appendix). Critical level indicates field requirement to P-fertilizers but does not show the amount of P to be applied. As it is obvious, the critical level of soil available P was 13 mg kg -1 using Olsen method. For maize in various locations, different values were reported (Fernandes et al., 2000; Malakouti, 2016) . The reasons for the differences may be climate conditions, soil texture, crop yield potential and etc. Results of assessing P requirement for 90 fields based on soil available P critical level are presented in Figure 9 . Generally, 36 fields have got available P less than 13 mg kg -1 . Many years ago, this method was one of the most principled methods of fertilizer recommendation in agriculture and many countries still use it.
Recently, the use of this method has been challenged due to increasing EPI and soil total-P (Gou et al., 2000; Ma et al., 2009; Malakouti, 2016) . This method and phosphorus chemistry in the soil causes its accumulation in the soil. Thus, about 20% of the fertilizer that is consumed is absorbed by the plant and the remaining is deposited in acidic (high Al 2+ and Fe 3+ ) and calcareous (high Ca 2+ ) soils (Marschner, 2011) . Many researchers have reported that the use of P fertilizer based on this fertilization method, causes P accumulation in most regions of the world and in the future will restrict farmers in the use of P-fertilizers (Johnston and Steen, 2000; Li et al., 2015; Keke et al., 2016) . In this regard, it has been reported that change in the current fertilizers recommendation is necessary because P accumulation subject (increasing EPI) is in contrast to sustainable agriculture (Malakouti, 2016 
Figure 9. Available P status of fields as compared to critical level (A) and zoning of agricultural fields based on soil available P (B). If (Soil available P -critical level) <0, Pfertilizer should be used
Using the results of the first experiment and its match with the results of this part of study can help us.
Considering Figure 5 in which field were assessed based on EPI, it can be noticed that the farmers can apply P fertilizer only at 4 fields where their DOP are negative. In other fields, P application can causes environmental problems while they need Pfertilizer. Therefore in this case, the fields can be divided into 3 groups. First, the regions where do not need any P fertilizer; second the regions where need P-fertilizer and do not have any limitation for P application; and third the region where need for Pfertilizer but the application of P is limited by EPI. When a farmer cannot use Pfertilizer (based on EPI), he can take one of the following decisions:
• The farmer doesn't apply P-fertilizer and accept yield reduction. In this case, the state or the environmental organization must pay subsidies to farmers. Otherwise, it would be hard to recommend environmental indicators and acceptance of financial compensation for farmers.
• The farmer provides possibility of P-fertilizer by reducing EPI. This issue can be examined in the next results of the present study.
Third experiment
In the field, experiment, available-P and total P were 8.6 and 1025 mg kg -1 , respectively. In this field the EPI is 26, in case of without P application and with erosion rate of 7 ton ha -1 y -1 . According to EPI ( Table 1 ) P fertilizer is limited while based on low available P (<13 mg kg -1 ) P application is needed.
Effects of P fertilizer level on soil total P
According to Table 3 and the soil P balance (amount of P extract by crop -applied P by fertilization ignoring runoff), 3.8, .24, 1.26, 2.7 and 6.02 mg P was added to each hectare while using 0, 15, 20, 25 and 35 kg P2O5 per hectare respectively during growing season. However, these values are not comparable to soil total P. In other words, in the same condition the differences between total P and these values do not change EPI during a growing season. But for longer period fertilization can significantly effect on total P and EPI.
It should be mentioned that reports related to P application on increasing soil total P are based on long period i.e. 20 years. For instance, Sun et al. (2015) in their geostatistics study, investigated long period (20 years) of P accumulation in Chinese agricultural fields. They reported that P was added from 60 to 159 kg ha -1 during 1982 until 2002 and soil total P increased from 0.72 to 0.84 gr kg -1 (16.7%). Li et al. (2015) investigated long-term (20 years) P fertilizers application on soil available and total P and of rice. Their results showed P application increased soil total P considerably and changed it from 600 to 719 mg kg -1 .
Effects of P-fertilizer on yield, EPI and reduce EPI by controlling erosion
Based on Table 3 , considering EPI and no P application farmers faced with 23% yield reduction. If the farmers with any reason are not satisfied with this reduction, the minimum things to be done is considering the management practice in which EPI is not increased. In other words, increasing environmental index from P application is reduced by other factors like soil total P and soil erosion.
Based on short-term results there is not any option to reduce total P but based on Table 4 controlling soil erosion can be one of the immediate and effective solutions in protecting environment for farmers. According to Bolster (2014) showed that reducing water erosion by conservation practices can reduce 50% of EPI. In this study, in six fields with excessively high (>2.24×1000 kg ha -1 ) soil erosion rates, soil erosion was reduced by conservation practices such as buffer/filter strip, sediment basin, and water control structure and effect of soil erosion on environmental P index was investigated. In each column, similar numbers indicate that meanings do not differ significantly in the 5% level Soil P balance= amount of P extract by crop -applied P by fertilization ignoring runoff 
Conclusions
Results of this study showed that minimum, maximum and mean of the EPI are 40, 72 and 55, respectively. According to categories and recommendations of the environmental index used in this study, only 8 fields of 90 fields are allowed to apply P fertilizers.
The soil available P of 36 fields was less than 13 mg kg -1 (critical level of available P) and P fertilizer application is crucial. But based on EPI, P fertilizer can be applied only at 4 fields of 36 fields. P application can be depredated environment for other fields.
In the meanwhile, without P application, yield reduction will be about 23%. If the farmers with any reason are not satisfied with this reduction, the minimum things to be done is considering the management practice in which EPI is not increased. In the other words, increasing EPI from P application is reduced by other factors like soil total P and soil erosion.
Results showed controlling soil erosion can be one of the immediate and effective solutions in protecting the environment for farmers.
It should be noted that the cumulative increasing of soil total P cannot be ignored. Because in short-term (one growing season) P application may not increase total P significantly, but in the longer period it can be influenced on to EPI. Finally, the uncertainty of the results for other region is obvious, but each researcher by applying this methodology can recommend fertilizer application more precisely and multi-purposes considering agro-environmental.
